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1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: Leak D e t e c t i o n  by I n f r a r e d  
Photography - Case 730 

D A ~ ~ :  November 3 0 ,  1967 

FROM: C .  E .  Johnson 
E .  D. Marion 

MEMORANDUM FOR FILE 

One of t h e  major  problems i n  manufac tu r ing  p r o p e l l a n t  
t a n k s  f o r  l o n g  term c ryogen ic  s t o r a g e  i s  leak d e t e c t i o n .  Analy- 
ses have shown t h a t  leak  r a t e s  g rea t e r  t h a n  lo-’ A t m ,  c c / sec  can  
s i g n i f i c a n t l y  degrade t h e  t h e r m a l  per formance  o f  m u l t i - l a y e r  i n -  
s u l a t i o n  s y s t e m s .  These l e a k  ra tes  a re  a t  t h e  l i m i t  o f  c u r r e n t  
d e t e c t i o n  technology even under l a b o r a t o r y  c o n d i t i o n s .  

Most t a n k s  manufac tured  s o  far  have leaked t h e  f i r s t  
t i m e  t h e y  were t e s t ed .  The f u t u r e  h o l d s  many a p p l i c a t i o n s  f o r  
c ryogens  i n  s p a c e ,  s o  we w i l l  b e  b u i l d i n g  many such  t a n k s  i n  
t h e  coming years .  C l e a r l y ,  new t e c h n i q u e s  are needed t o  leak 
check t h e s e  t a n k s  d u r i n g  t h e  manufac tu r ing  p r o c e s s .  

S n i f f e r s  can b e  used b u t  t h i s  i n v o l v e s  l a b o r i o s l y  - 
examining eve ry  s q u a r e  f o o t  of  t h e  t a n k  area. To f u r t h e r  com- 
pound t h e  problem many o f  these leaks  w i l l  on ly  show up w i t h  t h e  
t a n k s  i n  t h e  c o l d  and p r e s s u r i z e d  s t a t e .  Hand he ld  s n i f f e r s  
are  n o t  p e r m i s s i b l e  i n  t h i s  c o n d i t i o n .  The only  o t h e r  leak 
t e s t i n g  t e c h n i q u e  i s  t o  p u t  t h e  whole t a n k  i n  a vacuum chamber, 
f i l l  i t  w i t h  t h e  a p p r o p r i a t e  c ryogen ,  and examine t h e  g a s e s  pre-  

o b v i o u s l y  t o o  cumbersome f o r  u se  as a manufac tu r ing  leak  check.  
And it  w i l l  o n l y  t e l l  you t h a t  you have a l eak ,  n o t  where i t  i s .  

photography f o r  d e t e c t i n g  h e a t  leaks i n  a i n s u l a t e d  r a i l r o a d  
t a n k  c a r .  The t a n k  c a r  was f i l l e d  w i t h  w a r m  water and i n f r a r e d  
s e n s i t i v e  photographs  ( thermographs)  were made. Heat l e a k s  
showed up as b r i g h t  s p o t s  on t h e  pho tographs .  T h i s  s u g g e s t s  a 
v e r y  n e a t  and s imple  way t o  conduct a manufac tu r ing  leak t e s t  
on c ryogen ic  t ankage .  
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The t a n k  i n  q u e s t i o n  w i l l  b e  i n s u l a t e d  w i t h  m u l t i -  
l a y e r  i n s u l a t i o n  and mounted i n  a vacuum chamber. The t a n k  
i s  t h e n  f i l l e d  w i t h  t h e  a p p r o p r i a t e  cryogen and a l lowed  t o  come 
t o  thermal  e q u i l i b r i u m .  Thermographs a re  t h e n  made o f  t h e  i n -  
s u l a t e d  s u r f a c e .  

Any s i g n i f i c a n t  l e a k  w i l l  i n c r e a s e  t h e  l o c a l  thermal 
c o n d u c t i v i t y  of t h e  i n s u l a t i o n ,  which w i l l  i n  t u r n  d e c r e a s e  t h e  
s u r f a c e  t e m p e r a t u r e .  The a r t i c l e  i n d i c a t e s  t h a t  
t e m p e r a t u r e  d i f f e r e n c e s  as small as 1 ° F  can  b e  d e t e c t e d  w i t h  t h e  
thermographs .  With c a r e f u l  t e s t i n g ,  t h i s  i s  enough t o  d e t e c t  
2 %  d e g r e d a t i o n  i n  t h e  i n s u l a t i o n .  
l eak  by i t s  i m p o r t a n t  e f f e c t  (namely degraded i n s u l a t i o n  p e r f o r -  
mance) ,  t h e  thermograph can show where t h e  l e a k  i s  and how bad 
i t  i s .  

I n  a d d i t i o n  t o  i d e n t i f y i n g  a 

We recommend t h a t  t h i s  approach be  e v a l u a t e d  i n  more 
d e t a i l ,  pe rhaps  t o  t h e  p o i n t  o f  conduc t ing  a qu ick -and-d i r ty  
f e a s i b i l i t y  t e s t .  
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E .  D .  Marion 

Attachment 
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Infrared picture of insulated tank car will 
show location of heat leaks. The car  was 
filled with hot water, left  standing on 
track for a day, then photographed. The 
white spots in second thermogram below 
show hot points indicating heat leaks. 

FIGURE 1 - ITJFRARED PICTURE OF INSULATED TANK CAR 
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